Abstract. Rosetta promontory encompasses both the east and west sides of the Rosetta River mouth branch. Since the building of the High Dam in 1964, the Rosetta promontory has been subjected to dramatic erosion. Two concrete seawalls have been constructed on the shoreline to protect the river mouth at Rosetta promontory from the prolonged sea invasion. Moreover, four groins were constructed to minimize the shore erosion and stabilize the eastern margin of the promontory. Also, many groins were constructed to stabilize its western side but they were destroyed.
Introduction
Rosetta promontory encompasses both the eastern and western sides of the Rosetta mouth branch (Fig. 1) . The promontory is one of the most important sites for trade, agriculture and fishing activities in the region (Frihy and Lotfy, 1994) . River Nile has discharged sediment into the Mediterranean Sea since about 7000 years BC (Said, 1981) . With the building of High Dam in 1964, sediment discharge to Rosetta promontory has reduced to near zero. Subsequently, Rosetta promontory has been subjected to dramatic erosion and thus protective structures were built to reduce the erosion impacts.
The main objective of the present study is to investigate the effect of wind generated waves on the beach configuration and determine the equilibrium orientations of the shoreline. The effective protective constructions, in addition to the grain size and heavy minerals distribution of the beach face sediments.
Materials and Methods
A total number of thirty four sand samples were collected from the beach face (Fig. 1) . Grain size analysis was carried out using standard sieving technique. A sieve interval of 0.50 phi was used. Cumulative curves were prepared and the statistical size parameters were calculated according to Folk and Ward (1957) .
Mineralogical analysis of the samples was carried out by using bromoform (Carver, 1971) to separate the heavies. Magnetite was removed using a hand magnet and magnetic fractionation for each individual magnetite free fraction was carried out by using the laboratory high-intensity lift magnetic separator at air gap of 2 mm and current intensities of 0.8 and 2.0 ampere respectively available at the laboratory of Egyptian Meteorological Authority, Egypt. Each of the obtained subfractions was weighed.
Monthly means wind data for a period of 33 years were obtained from the Egyptian Meteorological Authority. Wind generated wave parameters and the sea state at Rosetta promontory are determined by analyzing the wind data and adopting Beaufort Wind Scale (after Thurman, 1981) . The onshore resultants are obtained by drawing vectors of winds to which a coastline is exposed. The vectors were obtained by multiplying the frequency of winds in each Beaufort Scale (> 3) category by the cube of the mean velocity (V3) of that category in a directional diagram according to Bird (2000) .
Results and Discussion

Wind Generated Waves
The energy of waves comes from the wind. This energy is used to a large extent in eroding and transporting sediment along the shoreline (Plummer and McGeary, 1993) . The Rosetta promontory segments the north-western delta coast into two sub-cells including the Rosetta sub-cell on its eastern margin and the Abu Quir sub-cell on its western side (Frihy et al., 1991) . The highest wave energy (up to Beaufort Scale 8) is recorded during winter season and wave energy up to Beaufort Scale 6 is recorded during summer season, with wave heights up to 10.5 m and 3.9 m respectively. The average wave heights are 5.1 m and 1.8 m during winter and summer seasons respectively (Table 1) . However, the months June, July, August, September and October show relatively lower wave energy and therefore are relatively suitable for constructing engineering structures (Fig. 2) .
The average annual sea state and description of wave parameters along Rosetta promontory (Table 1 and Fig. 2) show that, wave action is seasonal in nature, with storm waves in winter and the waves that affect the Rosetta promontory beaches (with Beaufort Scale > 3) have duration of 26.17%. The predominant current direction on the eastern side of Rosetta promontory is towards east (84.07% of the time), while it is towards the west (52.95% of the time) on its western margin (Table 2) . However, the net littoral sediment transport is toward the east along the eastern side of the promontory and toward the west along the western side of the promontory, except during winter season, where the net sediment drift is toward the east (Table 2) . Frihy (1988) reported that, the prevailing west-to-east longshore current transport the eroded sediments from the tip of the promontory and deposited them on its eastern side, while the littoral current on the western side has caused erosion of the promontory.
Beach Erosion and the Constructed Protective Constructions
The impact of hazardous coastal processes is considerable, because many populated areas are located near the coast (Keller, 2002) . There has been a remarkable amount of erosion on the tip of the Rosetta promontory, on both the western and eastern sides of the distributary's mouth. According to Frihy and Lotfy (1994) , the erosion at the eastern tip is extreme, being -102.2 m/y. This erosion decreases to the east, being reduced to -6.2 m/y about 7 km from the Rosetta mouth. On the other hand, along the western part of the promontory, the erosion is great adjacent to the Rosetta mouth (-52.9 m/y), progressively decreases alongshore to the southwest. Generally, whenever human activity interferes with sand drift or wave action, the beach responds by changing its configuration, usually through erosion or deposition in a nearby part of the beach (Plummer and McGeary, 1993) . Field To reduce the erosion impacts, two massive seawalls (6 m high above mean sea level) have been constructed during 1989-1991 west and east the Rosetta mouth ( Fig. 1 and 3 ). Their lengths are 1.6 km and 2.6 km on the western and eastern sides respectively. Owing to the markedly accelerated erosion, they were designed to be placed on the backshore at a distance of 80 to 90 m landward from the shoreline (Frihy, 1988) . Field observations show that, about 250 m east to Rosetta mouth, the beach is severely eroded and the sea strikes the eastern seawall (Fig. 4) . Also, four groins were constructed to minimize the shore erosion and stabilize the eastern margin of the constructed seawalls (Fig.  1, 5A and 5B). These walls are built perpendicular to the shore to trap moving sand and widen the beach. Moreover, to protect Rosetta resort in the western side of the Rosetta promontory, many groins represented by arranged bags filled with dry concrete and extending up to 51 m inside the sea were constructed. Each bag is 12 m long, 2 m wide and 1.5 m high (Fig. 5C ), but they are destroyed and the beach was subjected to severe erosion (Fig. 6 ). observations show that, severe erosion occurred at the eastern and western ends of the constructed eastern and western sea walls, where sand is being removed faster than it is being replenished by wave refraction (Fig. 7) . Moreover, erosion becomes dramatic in Rosetta resort. Therefore, the beach becomes narrow and less attractive for swimming and buildings close to the beach are undermined and destroyed by waves (Fig. 8 ). The constructed groins are constructive on the up-drift parts of the beach, where sand accumulations were observed (Fig. 5A and 5B). On the other hand, erosional sites are common nearly at the mid distance between the constructed groins (Fig. 9 ). This may be due to the large spaces between the constructed groins if compared with that of Bell (1998) , where the common spacing rule for groins is to arrange them at intervals of one to three groin lengths. 
Granulometrical Characteristics
The grain size of clastic sediment is an indicator of the deposition conditions or the energy of the basin. Coarser sediments were found in the higher energy environment and finer sediments were found in lower energy environment (ElFishawi and Molnar, 1983 and Bell, 1998) .
The studied sediments have mean grain size values ranging between 2.01 phi (fine sand) in the west and 3.23 phi (very fine sand) in the east (Table 3 and Generally, grain size grading has taken place between the constructed groins where currents have transported the relatively finer sediments and deposited them in the up-drift side of the constructed groins. The sediments become finer eastward associated with improvement in sorting (Fig. 10) .
Heavy Minerals Variability
The heavy mineral constituents of the Egyptian black sand have actually been derived mainly from the igneous rocks of the Equatorial plateau and the metamorphic rocks of the Ethiopian plateau (Said, 1981) .
Field observations show that, around Rosetta mouth, the beach sand becomes markedly lighter in color, while it becomes almost black along the beach between the first and third groins (Fig. 5A ). This is related to high concentrations of heavy minerals, between the first and third groins, represented mainly by ilmenite and magnetite (Table 4 and Fig. 11 Field observations show that, along the eastern sector, the constructed groins are in equilibrium with the calculated resultant wave energy where they are built perpendicular to the calculated equilibrium shoreline. While, the drowned Heavy minerals are more concentrated in the finer fraction (Folk, 1974) . However, it is noticed that the total heavies appear abundant in the finer sand fractions. The fining of the sediments in the accreted areas is possibly related to the increase of heavy minerals content which reached up to 98.70% in the updrift side of the first groin (Table 4 and Fig. 11 ).
Generally, total heavies, ilmenite, magnetite and zircon show high concentrations between the first and third groins. On the other hand, green silicates show high concentrations west to the third groin (Fig. 11) . This probably is related to the differential sedimentary processes prevailed and the selected sorting due to density.
The Equilibrium Beach Orientation
Usually, a beach attempts to come into equilibrium with the waves that strike it (Hamblin, 1982) . Such beaches are generally modified by erosion and accretion until they become orientated at right angles to the onshore resultant of wind-generated waves (Bird, 2000) .
Orientations of equilibrium beaches at Rosetta promontory are expressed from the resultant wind generated waves, where the resultant of wind-generated waves are calculated from the records of the frequency and strength of onshore winds (Beaufort Scale > 3), which produce waves that have effect on beaches. The onshore resultants are obtained by drawing vectors of winds to which a coastline is exposed. Table (5) and Fig. (12) show that, shoreline along the eastern sector comes in equilibrium with wave energy when extending N70W-S70E (Fig. 12A) . On the other hand, the shoreline along the western sector comes in equilibrium with wave energy when extending N40E-S40W (Fig. 12B ). ship extends N20W-S20E about 60 m inside the sea and acts as a groin. It is not in equilibrium with the calculated resultant wave energy. Therefore, its site is affected by severe erosion of about 20 m/y (Fig. 13) . On the other hand, along the western sector, the beach of Rosetta resort is affected by dramatic erosion where the constructed groins (extending N60W -S60E) are not perpendicular to the calculated equilibrium direction. 
Conclusions
Severe erosion is common around the constructed sea walls and mostly at the mid distance between the constructed groins. On the other hand, the constructed groins are constructive in its up-drift side.
The western side of Rosetta promontory is affected by severe erosion and the erosion is dramatic in Rosetta resort, where beach became narrow and less attractive for swimming. Moreover, buildings close to the beach are destroyed.
The resultant orientations determined of the equilibrium shoreline are N70W -S70E and N40E -S40W in the eastern sector and the western sector of Rosetta promontory respectively.
Wave action along Rosetta promontory is seasonal in nature, with storm waves in winter. The net littoral sediment transport is toward the east along the eastern side of the promontory and toward the west along the western side of the promontory, except during winter season, where the net sediment drift is toward the east. The months June, July, August, September and October show relatively lower wave energy and therefore are relatively suitable for constructing structures for protection.
The beach sediments are moderately well to very well sorted, fine to very fine sand and strongly coarse to strongly fine skewed. Total heavies including ilmenite, magnetite and zircon show high concentration between the first and third groins. On the other hand, green silicates show high concentration west to the third groin.
The constructed groins along the eastern sector of Rosetta promontory are in equilibrium with wave energy, where they were built perpendicular to the calculated equilibrium shoreline. On the other hand, the western beach of Rosetta resort is affected by dramatic erosion where the constructed groins are not oriented perpendicular to the calculated equilibrium direction.
Recommendations
To stabilize the beaches along Rosetta promontory, the following protective constructions (Fig. 14) are recommended: i) Along the eastern sector Extend the eastern seawall eastward parallel to the calculated equilibrium shoreline, N70 W-S70 E, to be in contact with the 4 th groin.
ii) Along the western sector
Extend the western seawall westward parallel to the calculated equilibrium shoreline, (N40 E-S40 W), and construct detached breakwaters in the front of Rosetta resort followed by groins pattern extending perpendicular to the calculated equilibrium shoreline direction. The common spacing rule of Bell (1998) must be taken in consideration during groin construction. Generally, the months June, July, August, September and October are recommended for constructing the protective engineering structures.
